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Introduction 49 50
Estimating the size of domestic and wild animal populations has been used in diverse research fields, 51 such as for species monitoring and conservation [1, 2] or disease surveillance and control [3] . For 52 example, population size estimation methods have been used to monitor biological diversity in space 53 and time [4] , estimate the abundance and conservation status of rare and endangered species such 54 as whales or rare and elusive carnivores [5, 6] 212 Table 2 shows the overlap, altitude and number of pictures taken per flight in the three study areas.
213
The pictures were automatically stored in the UAV's SD card.
214 215 lost during the study and study site specific prior information derived from the questionnaire data.
308
The model considers the probability of a dog to be spotted during the transect walks, the probability 309 for a marked dog to loose the mark (i.e. collar), the probability of a dog being confined (and therefore 310 not seen) at the time of the transect walks and the probability of encountering ownerless dogs during 311 the transects.
313
All the marked dogs encountered during the transect walks were owned, whereas the unmarked dogs 314 either were owned (but unmarked) or ownerless. Since we assumed that we marked more than 10% 315 of the dog population, we considered that the number of marked dogs, owned unmarked dogs and 316 ownerless unmarked dogs counted during the transects follow a hypergeometric distribution [43] . The probability lm(t) that a marked dog lost its collar at transect number t was modelled as: We considered that ownerless dogs have a confinement probability of 0. Prior data on the 332 confinement probability of owned dogs were calculated based in the information collected during the 333 interview survey. The dog owner was asked to explain when their dog usually roams. The answer was 334 then categorized into "never free-roaming", "always free-roaming", "free-roaming during the day 335 only", "free-roaming during the night only", "free-roaming a few hours per day only" (Table 1 -336 supporting information). We considered confinement probabilities during the time of the transects of 337 1 for dogs of the category "never free-roaming", 0 for dogs of the category "always free-roaming", 0-338 0.25 (uniform distribution) for dogs of the category "free-roaming during the day only", 0.5 for dogs 339 of the category "free-roaming a few hours per day", and 0.75-1 (uniform distribution) for dogs of the 340 category "free roaming during the night only". The minimum and maximum confinement probability 341 were calculated for each study area based on these probabilities, considering the lower and upper 342 limit of the range, respectively, weighted by the number of dogs per category. The prior information 343 of the dog confinement probability was included into the Bayesian model as a study site specific 344 uniform distribution ranging from the minimum to the maximum confinement probability (Table 3) . Prior data on the probability of encountering an ownerless dog during the transects was calculated 350 based on the owners' estimates on the number of owned and ownerless dogs living in the study sites 351 requested during the interview survey. We then calculated, for each study area, the ratio of ownerless 352 to owned dogs using the estimation given by the respondents (Fig 4 -supporting information) . Log 353 normal distributions were fitted on the data and distribution parameters were used as prior 354 information incorporated in the statistical model (Table 3) .
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No prior data was collected on the number of owned dogs during the interviews. Therefore, we 357 intended to use non-informative priors. The number of owned dogs was modeled as a uniform 358 distribution. The maximum value was set up at 1,000 in each study area, which was considerably 359 higher than any expectations. A theoretical minimum value was considered as the number of dogs 360 collared during the study in each study area. However, this number was too low in the three study 361 areas to initiate the Bayesian model. Therefore, the lowest number that was practically possible for 362 model initiation was used in the three study areas ( (Table 5 ). These numbers were compared to the census data of owned dogs collected 407 during the "One Health Poptún" project. In this study, three methods estimating dog population size in three study areas in Guatemala were 418 compared. This is the first published study that applied UAV to estimate population size for this 419 species.
420
To correctly interpret the comparison of the results of the three methods, we need to consider the 421 heterogeneity of the dog population and which subpopulation each method is quantifying. The total 422 dog population can be divided into owned and ownerless dogs (Fig 3) . Further, the owned dogs are 
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The UAV are able to spot ownerless dogs, owned free-roaming dogs and owned confined visible dogs 431 but not puppies, which are too small in size (Fig 4a) . The Bayesian model is designed to count 432 ownerless and owned free-roaming dogs (partially or completely) only and therefore do not consider 433 confined dogs (Fig 4b) . Puppies less than 4 months old were not considered in the Bayesian statistical 434 method because they could not be marked (too small in size for the collar) nor spotted during the 435 transect walks (not visible because they tend to stay at home with the bitch). Unlike the two previous 436 methods, the dog census and human: dog ratio methods focus on all types of owned dogs, including 437 puppies, and do not consider ownerless dogs (Fig 4c) . 5) . We therefore highlight that when comparing FRDD population size estimates to first carefully evaluate the subpopulation captured by 453 the respective method used. Method 1: Utilization of UAV 462 In this study, we were able to demonstrate that detecting and counting FRDD using UAV is possible. 
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To assess the impact of the prior values (i.e. confinement probability, ownerless to owned dog ratio 536 and number of owned dogs living in the study site) on the three outcomes (i.e. number of owned 537 FRDD, number of ownerless dogs and total number of FRDD), we increased the range of the 538 confinement probability uniform distribution, the expected value of the ownerless to owned dogs 539 ratio (log normal distribution) and the range of the number of owned dog uniform distribution. The 540 maximum value of confinement probability was increased to 0.5 in La Romana and Sabaneta and to 541 0.75 in Poptún. The three outcomes were impacted of less than 1%. A gamma distribution, allowing a 542 higher ownerless to owned dog ratio than the log normal distribution used previously in the model, 543 was used to assess the impact of this prior. The choice of the prior distribution had an impact on the 544 estimated number of owned FRDD and ownerless dogs but had an impact of maximum 3% on the total 545 number of FRDD (Table 3 - Conclusion 573 This is the first study published on the application of UAV to estimate population size of free roaming 574 domestic dogs and it could be shown that the technique worked to detect and count dog in the 576 of the timing and the study area, the utilization of infrared thermal imagery, the utilization of 577 automatic detection of the dogs or the combination of UAV and capture recapture methods. This study 578 may be useful to give directions on how to design efficient application of UAV for this purpose. It also 579 highlights that the aim for the dog populations size estimation influence the method to be selected. 
